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to be in perfect balance, which is only theoretically possible, otherwise—and this is always the case—the center of mass lies off the mechanical axis. As the speed increases there will be the same conflict between centrifugal force, tending to bow the shaft more and more, and the elastic resistance of the material. This action continues until a state of equilibrium is reached at which the force of the shaft deflection (i.e., the force which the shaft is capable of exerting at its mass center in its effort to return to its original straight form) is equal and opposite to the Cf centrifugal force " of the mass. This will be at the same critical speed as in the horizontal case.
Theoretically the bow of the shaft becomes indefinitely great at the critical speed. Practically this is not so. The speed may be increased very greatly beyond this. But at the critical speed there will occur the maximum vibration of the revolving mass and consequently of its supports. The vibrations are smaller for both higher and lower speeds. The determination of the critical speed is, therefore, a matter of prime importance in the design of all high rotative speed machinery.
Above the critical speed the center of mass revolves inside the bow of the shaft; and the tendency of the rotating mass is to rotate about an axis through its own center of gravity and not about the mechanical axis. Designers provide for this either by the use of a flexible shaft (made just strong enough to withstand the deflection stresses in passing through the critical speed), or by the introduction of special bearings permitting this accommodation and constructed to dampen the vibration effect.
The critical speed here spoken of is the first or lowest critical speed, ni. There is a series of secondary critical speeds, N, of higher value with diminishing amplitudes of vibration.
The mathematical treatment is too long to be introduced here but can be found in its simplest form in a paper by Mr. S. H. Weaver in the Jour, of the A. S. M. E., June, 1910, from

